I
n recent years, there has been a substantial effort to develop alternative payment models to the traditional fee-for-service model. One of the most often discussed alternatives is the ''bundled payment'' model, in which a single fee would be given to all health care providers for an episode of care. In 2010, the California-based Integrated Healthcare Association was awarded a 2.9 million dollar grant to establish and evaluate a bundled care model for patients under the age of 65 years undergoing orthopedic surgery, 1 and in 2013, the Bundled Payments for Care Improvement (BPCI) Initiative was launched by the Centers for Medicare & Medicaid Services (CMS). 2 Similarly, in the private sector, the National Orthopaedic & Spine Alliance (NOSA) is a network of five large orthopedic groups that offers employers a bundled payment option for their employees orthopedic care. 3 Despite early enthusiasm by health care and insurance providers, the transition to bundled payments has been slowed in large part by the financial implications of patient complications. 1, 4 In spine surgery, one of the most common complications is an incidental durotomy or dural tear. Although it has been shown that incidental durotomy has no long-term negative clinical impact on patients undergoing lumbar spine surgery, 5, 6 it may substantially alter the treatment course, 7 and thus affect the cost of a surgical episode. Although this complication can occur during any spinal procedure, certain factors such as the presence of a facet cyst or revision procedures significantly increase the risk of this complication. 8, 9 If these factors are not appropriately accounted for in a bundled payment model, it may create a disincentive for surgeons to treat patients with these conditions. The aim of the current study is to determine the difference in the total charges for patients who have spine surgery with and without an incidental durotomy.
MATERIALS AND METHODS
A retrospective review of a prospectively collected morbidity and mortality database identified all patients with an incidental durotomy between January 1, 2012, and January 11, 2013. Subjects with a dural tear were matched to controls without a dural tear in a 1:2 ratio. The total hospital charges, as well as all the charges associated with spine care at the orthopedic practice for one year were collected. Controls were required to meet the following criteria: Age AE5 years; Charlson Comorbidity Index (CCI) AE1; Date of surgery AE2 years; Exact region of the spine, but not the exact level (i.e., lumbar ! lumbar); Exact type of fusion (i.e., approach, instrumentation); Exact number of levels fused; Use of rhBMP-2; Number of levels decompressed AE1. Subjects with a durotomy who were unable to be matched appropriately were excluded. Initial hospital charges and all charges for the first 30 days after surgery were collected. After 30 days, only charges directly related to spine care were collected.
Statistical Analysis
Categorical values were compared used Fisher exact test, and linear mixed models were used to estimate the continuous variables including the net difference in charges between cases and controls. The unique identifier assigned to cases (and matched controls) was used as to adjust for random variation among patients. This was equivalent to performing a matched t test, except that the mixed model allows for multiple controls per case while the t test only allows for 1:1 matching. The statistical significance of differences was assessed using Type III sums of squares and Satterthwaite's approximation to degrees of freedom. Linear mixed models were performed using the lmerTest packge in R 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
A total of 1967 spine surgeries were performed at our institution over the 22-month period at our institution. Of those,136 cases with an incidental durotomy were identified (6.91%); however, using the strict matching criteria, only 57 patients with a dural tear were able to be matched (1:2) to controls without a dural tear. Cases that could not be matched were more likely to involve three or more levels (59.6%) than cases that were able to be matched (31.7%, P ¼ 0.03), and the average number of level treated was increased in the patients who could not be matched (3.38 AE 2.38 vs. 2.10 AE 1.10, P ¼ 0.32). For details of the entire cohort of patients with a dural tear please see appendix A, http://links.lww.com/BRS/B138.
No difference in patient demographic data between the 57 patients with dural tears and their matched controls was identified. Patients with a dural tear had a longer operating room time by 30.6 AE 8.5 minutes (P < 0.0001) and length of stay by 0.89 AE 0.27 days (P ¼ 0.0012) ( Table 1 ). The increase in operative time was almost completely due to an actual increase in surgical time, as the time from making the incision to finishing wound closure was increased in the dural tear cohort by 28.8 AE 7.6 minutes (P < 0.0001). No patients in either group required a lumbar drain. Patients with a dural tear had no increased risk of presenting to the emergency room, being admitted to the hospital or undergoing revision surgery though 30 days, 90 days, or one year (Table 2) .
Charge data were separated into hospital-based charges and surgeon-based charges. Patients whose surgery was complicated by an incidental durotomy, had a statistically significant increase in initial hospital charges by 17.82% or $13,720 AE $3630, and the increase in charges was split fairly evenly between charges that occurred while the patient was in the operating room charges and charges that occurred in the postoperative period, with the durotomy group having an average increase in operating room charges of $7280 AE $1830 (P < 0.001) compared qith the control group. Similarly, the durotomy cohort had a significant increase in the total hospital charges through 30 days, 90 days, and one year (Table 3) . Conversely, patients with an incidental durotomy had no significant difference in surgeon-based charges at their initial admission, or any time point through one year (Table 3) . Although patients with an incidental durotomy had an increase in total hospital charges at all time points, an analysis of the incremental charges demonstrated that the increase in charges was completely due to the increase in charges at the initial hospitalization. No difference in the hospital-based incremental charges between discharge and day 30, between discharge and day 90, or between discharge and one year was identified (Table 4) .
DISCUSSION
The purpose of this study was to determine the economic implications of an incidental durotomy, and we found that an incidental durotomy increased the initial hospital charges by 17.82%, but it did not result in an increase in hospital charges after the initial admission, or a change in the surgeon-based charges at any time point. This finding will be critical, as providers and insurers attempt to transition to bundled payments. Comparison of our results to those in the literature is difficult, as there is only one published study on the economic ramifications of an in incidental durotomy. Nandyala et al. 10 used the Nationwide Inpatient Sample (NIS) database to determine that an incidental durotomy in the lumbar spine led to an increase in the initial hospital costs by 6.08% or $2412; however using this methodology, they 
Ã One patient went to ER three times within the first 30 days. Initially, the patient presented with a urinary tract infection; then, they developed a deep vein thrombosis, and after being treated with anticoagulation, they returned to the emergency room with hematuria. 
SURGERY
Implications of an Incidental Durotomy Schroeder et al were unable to look at the costs after the initial discharge or the surgeon-based charges. 10 It is important to point out that Nandyala et al. 10 reported the total hospital cost, as opposed to the hospital charges that were reported in this study. Ideally, we would have liked to present the cost data, but our hospital was unwilling to release either the actual cost data or a charge-to-cost ratio. Nandyala et al. 10 estimated the total costs using the charge-to-cost conversion file for the NIS database. This file provides a simple ratio for the conversion of total charges to total costs, and therefore, there is a linear relationship between the costs reported by Nandyala et al. 10 and the total charges. So, although it is not possible to compare absolute dollar figures between the two studies, it is possible to compare the percent increase, and the current study found an increase of 17.82%, whereas the previous study only reported an increase of 6.08%.
This difference reported between our study and the previous study is likely accounted for by the fact that the current study is a case-control study using a prospectively collected morbidity and mortality database, where as the previous study was a retrospective cohort analysis of patients in the NIS database. Although their methodology allowed for a large sample size, the inability of administrative databases to accurately identify patients with complications has been repeatedly demonstrated in the literature. Bohl et al.
11 demonstrated a significant difference in the rate of complications after orthopedic surgery depending on what database was used, and Golinvaux et al. 12 found that the actual rate of anemia was almost four times higher than the reported rate in an administrative database. Because of this, it is likely that the study by Nandyala Nandyala et al. 10 included a significant number of patients in the nondural tear cohort that actually had a dural tear.
The economic impact of complications is critical, as it is one of the major hurdles the health care industry must address as it shifts to a bundled payment model; the difficulty in accounting for complications has been one of the primary problems with the implementation of bundle payments to date. The Integrated Healthcare Association (IHA), Bundled Episode Payment and Gainsharing Demonstration was a pilot program attempted by six of California's largest health plans, eight hospitals, and an independent practice association to transition to a bundled payment model. The bundled payment was intended to cover hospital and professional charges for the initial admission, as well all related charges for 90 days. 13 However, despite being awarded a 2.9 million dollar federal grant to start the program, the pilot project failed. Ridgely et al. 1 reported multiple reasons for the failure, and one crucial cause of the failure was the inability to address the financial risk that providers' would incur in the event of complications. Similar problems lead to the failure of the Provider Payment Reform for Outcomes, Margins, Evidence, Transparency, Hassle Reduction, Excellence, Understandability, and Sustainability (PROMETHEUS) project, a bundled payment pilot program sponsored by the Health Care Incentives Improvement Institute. 4 Three possible ways to address the economic implications of complications have been described: Risk adjust the bundled payment-increase the payment for patients who are likely to be more expensive to treat; Create stop-loss measuresthe insurance companies would limit the hospital losses associated with complications; Require the health care providers to purchase secondary insurance on the contract that would transfer the risk of a significant financial loss to a third party.
When interpreting the results of the study, it is more important to focus on the percentage increase, rather than the actual dollar figures, as the study reports charge data rather than cost data. Although the authors would have preferred to use actual cost data, the percentage increase is particularly useful when identifying the profitability of spine surgery. Robinson 14 determined that the contribution margin on spine surgery ranges from 36% to 54% depending on the exact procedure and the competitiveness of the health care market. The results of the current study indicate that a dural tear increases the initial hospital charges by only 17.82%, even in patients with a dural tear; under current reimbursement algorithms, surgical care likely still remains profitable for the health care institution. However, if the financial impact of this relatively common complication is not accounted for in a bundled payment model, it may create a disincentive for surgeons and smaller hospitals to treat patients at risk of this complication. Limitations to this study exist, including the use of a retrospective analysis. Some of these limitations have been mitigated by the use of the prospectively collected morbidity and mortality databases; however, an a priori hypothesis and study design is lacking. The most important limitation to this study is that it reports total charges rather than hospital costs. Charge date is specific to our institution and our patient population, and they are subject to the charge/cost ratio affecting various clinical procedures. Because of this, the actual dollar figure is much less useful than the percent increase. Ideally, we would have reported the actual cost data, but our hospital was not willing to divulge the actual hospital costs. In spite of this, the results are still important, as the results indicate an increase in total hospital charges by 17.82%. In addition, because our hospital was not willing to disclose an itemized list of the charges, we were unable to identify the specific cost generators. However, we can report that the increased cost is due to both the operative charges (increased Operating Room time, fibrin sealants, etc.) and as postoperative charges (likely due to the increase in the length of stay). Specifically, itemization of the additional charges would be beneficial, as it is unclear what lead to the increase of $7,280 in charges.
Importantly, the matching criteria limited the number of cases that were included, and it specifically limited the ability to include complex cases. The requirement of having the exact same number of level fused, and the exact same number of pedicle screws and interbody cages used, as well as the use of rhBMP-2 resulted in the exclusion of all thoracolumbar deformity case; in addition, almost 60% of the excluded cases involved surgery on three or more levels.
In addition, although strict matching criteria was followed, it is impossible to match patients based on every possible variable. For example, the severity of the stenosis may affect the operative time, but this was not in the matching criteria. Similarly, the matching was done by surgery, not diagnosis, so we are unable to comment on the effect of specific diagnoses. Finally, although this is the only study in the literature to report all hospital-and surgeon-based charges after an incidental durotomy, it is possible that some patients presented to another hospital or surgeon during the year and the charges were missed.
CONCLUSION
An incidental durotomy statistically increases the initial hospital charges for patients undergoing spine surgery by 17.82%; however, it has no effect on surgeon-based charges or hospital-based charges after the patient was initially discharged. If this complication is not accounted for in a bundled payment system, it may create a disincentive for surgeons to treat patients with conditions that significantly increase the rate of dural tears.
Key Points
Patients with a dural tear had no increased risk of presenting to the emergency room, being admitted to the hospital, or undergoing revision surgery though 30 days, 90 days, or one year. An incidental durotmy leads to an increase in hospital-based charges at the initial admission by 17.82%; however, it does not increase hospitalbased charges after discharge. Patients with an incidental durotomy had no significant difference in surgeon-based charges at their initial admission, or any time point through one year. No difference in the hospital-based charges between discharge and day 30, between discharge and day 90, or between discharge and one year was identified in patients with and without a dural tear.
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